Abstract. Due to the accumulating evidence that has demonstrated the vital role of cancer stem cells (CSCs) in tumor initiation, progression and metastasis, the mechanisms that maintain the stemness of CSCs have attracted increasing attention. Metastasis-associated lung adenocarcinoma transcript-1 (MALAT-1), a long non-coding RNA, which has been revealed to be associated with the malignant behavior of tumors, performs a critical role in maintaining the stemness in several CSCs. In the present study, it was hypothesized that MALAT-1 promotes stem cell-like phenotypes in breast cancer cells. The present data demonstrated that the expression of MALAT-1 was higher in the CSC subpopulation compared with that in the overall MCF7 cell group and that the knockdown of MALAT-1 decreased the proportion of CSCs. The self-renewal assay also demonstrated that knockdown of MALAT-1 decreased the sphere formation rate in vitro. In addition, MALAT-1 is also able to regulate the proliferation, colony formation, migration and invasion of CSCs in vitro. The underlying mechanisms may involve the regulation of self-renewal-associated factors, including sex-determining region Y-box 2 (Sox-2). Taken together, the present study demonstrated that MALAT-1 affects the stem cell-like phenotypes in breast cancer cells through regulation of Sox-2.
Introduction
Breast cancer is known as the most frequent malignancy among women worldwide, with an increasing incidence in recent years (1) . In the past decades, the expression levels of estrogen receptor, progesterone receptor and human epidermal growth factor receptor 2 have been considered as the most important prognostic markers for the invasiveness of breast tumor (2) . The glycosylated transmembrane protein cluster of differentiation CD133, which is associated with shorter disease-free and overall survival times, appears to be a novel promising biomarker for prognosis (3) . CD133 was observed to present an association between its expression level and aggressive cellular behavior, including resistance to chemotherapy and radiotherapy in breast tumors, as well as hepatic and colon cancer (4, 5) . Notably, a wide range of studies has demonstrated that CD133 positively identifies cancer stem cells (6) , indicating its association with the stem-like subpopulation in breast tumors.
Cancer stem-like cells (CSCs) derived from breast cancer are considered as the key initiator of breast tumor, and are responsible for maintenance and metastasis. Functionally, CSCs are defined as the subpopulation derived from breast cells, which present the capacity to initiate a tumor in immunocompromised mice, to renew themselves when passaged, and to differentiate into non-self-renewing cells for formation of solid tumors (7) . CSCs are also resistant to the effects of radiotherapy, chemotherapy and endocrine therapy in breast tumors, and consequently lead to tumor recurrence (8) (9) (10) . Thus, the CSC properties of self-renewal, multipotency and chemotherapeutic resistance not only drive tumorigenesis, but also provide resistant advantages for surviving the hostile environment of the circulation, and proliferate in distal tissues (11) .
Subsequent to the removal of breast tumors by surgery, an increasing number of patients employ breast reconstruction surgery for improving the quality of lives. However, one of the major concerns regarding breast reconstruction is local recurrence (12) (13) (14) (15) . Several essential factors are involved in predicting the recurrence, including the subtypes and the malignancy of breast tumors. Thus, more focus on the study of stemness and malignancy of breast tumors was devoted by plastic surgery and breast surgeons.
Metastasis-associated lung adenocarcinoma transcript-1 (MALAT-1) is generally defined as a long non-coding RNA (lncRNA) that consists of ~8,000 nt and is located on chromosome 11q13 (16) . It is associated with malignancy in several different types of cancers, including bladder, gallbladder, liver and gastric cancer (16) . In breast tumor, MALAT-1 was identified to be significantly downregulated, and thus caused the inhibition of proliferation, colony formation, migration and invasion (14) . The underlying mechanisms are possibly involved in inducing cell cycle arrest at G2/M, promoting apoptosis, suppressing epithelial-mesenchymal transition (EMT) and reducing the stem-like properties (15) . The accumulating evidence indicates that MALAT-1 acts as an oncogenic lncRNA through regulating self-renewal capacity, which leads to malignancy in breast tumors.
In the present study, it was revealed that MALAT-1 is upregulated in the CSC subpopulation in breast tumor cells, and the epigenetic expression of MALAT-1 significantly reduced the proportion of CSCs in MCF7. In addition, it was identified that MALAT-1 regulates the proliferation, colony formation, migration and invasion of CSCs in vitro. Therefore, the present study demonstrated that MALAT-1 may serve as a novel biomarker for predicting the malignancy of breast tumor and a potential therapeutic target for breast tumor metastasis.
Materials and methods
Human breast cancer cells. MCF7 cells were previously bought from the American Type Culture Collection (Manassas, VA, USA). Cells were maintained in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA USA) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 5% CO 2 incubator. The CSCs derived from MCF7 were described previously (17) . Single cells were suspended and plated at 1,000 cells/cm 2 , and the following treatments were added to the culture media: 100 ng/ml recombinant interleukin-8 (R&D Systems, Inc., Minneapolis, MN, USA), 100 nM SCH563705 (C-X-C chemokine receptor type 1/2 inhibitor; Merck KGaA, Darmstadt, Germany) or 1 µM lapatinib (GlaxoSmithKline Plc., Brentford, UK). The medium was half-refreshed every 3 days. After 21 days, spheres formed and were collected for subsequent culture. 
RNA isolation and reverse transcription-quantitative PCR (RT-qPCR).
Target cells were suspended using TRIzol ® reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Total RNA (500 ng) was reverse transcribed into cDNA using the Transcriptional First Strand cDNA Synthesis kit (Omega Bio-Tek, Inc., Norcross, GA, USA) according to the manufacturer's protocol. The relative expression level of MALAT-1 to control GAPDH transcripts was detected by SYBR Green qPCR using the ABI7500 Fast Real-time PCR system (Thermo Fisher Scientific, Inc.). The primer sequences were synthesized as follows: MALAT-1 forward, 5'-AAA GCA AGG TCT CCC CAC AAG-3' and reverse, 5'-GGT CTG TGC TAG ATC AAA AGG CA-3'; GAPDH forward, 5'-ACC ACA GTC CAT GCC ATC AC-3' and reverse, 5'-TCC ACC CTG TTG CTG TA-3'. lncRNA-regulator of reprogramming (ROR) and H19 were employed as internal controls, the primer sequences were as follows: ROR forward, 5'-TCC AAA CAC ATC GCC ACT CT-3' and reverse, 5'-TCC TAG GCC ATG AGG AGT CA-3'; H19 forward, 5'-GGA GAC TAG GCC AGG TCT C-3' and reverse, 5'-GCC CAT GGT GTT CAA GAA GGC-3' . The qPCR amplification was performed in triplicate reactions beginning at 98˚C for 5 min, followed by 35 cycles of 98˚C for 30 sec, and 60˚C for 50 sec. Quantitative normalization of MALAT-1 cDNA was performed in each sample using the expression of the GAPDH as an internal control. The relative level of MALAT-1 transcripts to control GAPDH was determined by the 2 -ΔΔCq method (18) .
Flow cytometric analysis of CD133+. The singularized cells were incubated with CD133-PE antibodies (Cell Signaling Technology, Inc., Danvers, MA, USA) according to the manufacturer's protocol. Briefly, ~1x10 6 cells were centrifuged at 800 x g for 5 min at 4˚C. The supernatant was removed and the pellet was washed three times with ice-cold PBS. CD133 antibody (1 µl) was added, mixed well and incubated for 10 min in the dark at 4˚C. The stained cells were then washed three times with ice-cold PBS and analyzed by flow cytometry.
Self-renewal assay. To assess self-renewal capacity, single target cells were seeded on 6-well plates at 500 cells/well and maintained for 21 days. The secondary spheres were counted and the self-renewal was calculated by dividing the number of secondary spheres formed by the number of primary spheres formed.
Western blot analysis. Total protein was extracted using RIPA buffer (Guangzhou RiboBio Co., Ltd., Guangzhou, China) according to manufacturer's protocol and determined using Pierce™ BCA Protein Assay Kit (cat. no. 23225, Life Technologies, Grand Island, NY, USA) according to the manufacturer's protocol. The primary antibodies against GAPDH (cat. no. ab8245), sex-determining region Y-box 2 (Sox-2; cat. no. ab171380), octamer-binding transcription factor 4 (Oct4; cat. no. ab19857) and stem cell antigen-1 (Sca-1; cat. no. ab51317) (Abcam, Cambridge, UK) were used in the present study. All antibodies were diluted in PBS at 1:2,000 and membranes were incubated for 2 h at room temperature. GAPDH was employed as an internal control. Total protein lysate (50 µg) was separated by 8% SDS-PAGE. The bands were then transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA) followed by membrane blocking using 5% bovin serum albumin (Sigma Aldrich; Merck KGaA) in PBS for 30 min at room temperature. Secondary goat anti-rat antibody (cat. no. ab7010; 1:5,000; Abcam), goat anti-mouse antibody (cat. no. ab97040; 1:5,000; Abcam) or goat anti-rabbit antibody (cat. no. ab205718; 1:5,000; Abcam) was added for an additional incubation at room temperature for 1 h and immunoblotting was performed and visualized with a chemiluminescence kit (Thermo Fisher Scientific, Inc.), according to manufacturer's protocol.
Transwell assay. A Transwell assay without matrix gel was employed for migration analysis, whereas a Transwell assay with matrix gel was employed for invasion analysis. Chambers were covered with 80 µl Matrigel (BD Biosciences, Franklin Lakes, NJ, USA), or not, diluted with 200 µl DMEM and incubated at 37˚C for 6 h. A total of 2x10 4 cells were plated in the upper chambers, and 600 µl DMEM supplemented with 10% FBS was added to the lower chamber. Following incubation at 37˚C for 24 h, the cells were fixed with 4% paraformaldehyde for 15 min at room temperature, and stained with 0.5% crystal violet for 30 min at room temperature, and imaged with a fluorescence microscope using a magnification x100.
Cell proliferation assay. Cell Counting Kit-8 (CCK-8; Sigma-Aldrich) was employed for a simple and accurate cell viability assay. In the assay, the WST-8 contained in the reagent was reduced to formazan dye by a dehydrogenase enzyme of the cell mitochondria through electron carrier 1-methoxy phenazinium methylsulfate. Singularized cells at different time points were incubated with 10 µl of CCK-8 solution in separated wells and maintained in 37˚C for 3 h. Cell viability was measured as the absorbance at 450 nm with a microplate reader (Synergy 2 Multi-Mode microplate reader; BioTek Instruments, Inc., Winooski, VT, USA). The mean optical density values from triplicate wells were used as the index of cell viability.
Statistical analysis. All statistical analyses were performed using SPSS software (version 16; SPSS, Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation from three independent experiments. Paired two tailed Student's t-tests and one-way analysis of variance followed by Tukey's post hoc test were applied for comparisons. P<0.05 was considered to indicate a statistically significant difference. (Fig. 1B) . Collection of CSCs subpopulation from MCF7 was then performed and involved into RT-qPCR for detecting the expression level of MALAT-1 RNA (Fig. 1C) . It was revealed that, the subpopulation of CSCs exhibited significantly higher MALAT-1 expression levels compared with the overall MCF7 population (Fig. 1D) . For confirmation of the specific transcriptional alteration of MALAT-1, lncRNA-regulator of reprogramming (ROR) and H19 were employed as controls. As expected, no detectable change was observed using these two lncRNAs in CSCs (Fig. 1D) .
Results

MALAT-1 is upregulated in CSCs and
MALAT-1 promotes self-renewal capacity in CSCs derived from MCF7
. By considering the association of MALAT-1 RNA expression level with the existence of CSCs derived from MCF7, an in vitro sphere formation assay was performed to investigate whether MALAT-1 functions in the self-renewal process of CSCs. The CSCs derived from MCF7, which were MALAT-1-knockdown (CSC-MALAT-1 KD ) or negative control (CSC-Ctl KD ), were established by lentivirus infection. It was shown that in CSC-MALAT-1 KD , MALAT-1-knockdown markedly reduced the formation of spheres and the diameter of spheres was significantly smaller compared with the CSC-Ctl KD ( Fig. 2A and B) . The expression levels of CSCs, Sox-2, Oct4 and Sca-1, which are considered as the biomarkers of stem-like cells, were then detected. The results demonstrated that Sox-2 exhibited a significant decrease following knockdown of MALAT-1. However, inconsistently, Oct4 and Sca-1 showed no significant change, indicating that the alteration of Sox-2 was achieved specifically (Fig. 2C) .
MALAT-1 regulates proliferation, colony formation, migration and invasion in CSCs derived from MCF7.
The effects of MALAT-1 on the physiological processes of CSCs derived from MCF7 were then examined. In order to evaluate its effect on cell proliferation, the CCK-8 assay was employed. The results demonstrated that knockdown of MALAT-1 significantly decreased the proliferation of CSCs following 4 days (Fig. 3A) . Consistent with the proliferation, the results of colony formation assay on soft agar of CSCs also indicated that MALAT-1 expression promoted the colony formation of CSCs derived from MCF7 (Fig. 3B ). Due to a previous study demonstrating that CSCs interact with angiogenesis (19) , the ability of MALAT-1 to regulate the migration and invasion of CSCs was examined. A Transwell assay without matrix gel was employed for migration analysis, whereas a Transwell assay with matrix gel was employed for invasion analysis. The results demonstrated that, as expected, knockdown of MALAT-1 markedly inhibited the migration and invasion ability ( Fig. 3C and D) .
Discussion
In the past few years, lncRNAs were revealed as important components of the gene regulatory network that may perform critical roles in regulating several physiological processes, including the survival and self-renewal of CSCs (1, 20) . Several mechanisms of function of lncRNAs in stem cell biology have been uncovered. lncRNA-ROR suppresses the stimulation of p53 under stress and thus inhibits the expression by activated p53 (2, 21) . Notably, lncRNA-ROR includes several miRNA binding sites, including miR-145, which specifically targets to Oct4, Nanog and Sox-2, and thus positively regulates their mRNA and protein levels (3, 22) . Further studies have confirmed that neutralization of miR-145 by lncRNA-ROR promotes embryonic stem cell self-renewal (3, 22) . The same mechanism was also identified, in that lncRNA H19 interacts with p53, disturbs its signaling and also acts as a miRNA sponge to let-7 (4,23). MALAT-1, which serves as an oncogenic lncRNA, has been shown to be responsible for the malignant behaviors in several types of human tumors (5, 24) , although the mechanisms of its regulatory roles in CSC-like properties were largely unknown. Among these genes that are aberrantly expressed in CSCs derived from different types of human tumors, Oct4, Nanog, BMI1 proto-oncogene polycomb ring finger, proto-oncogene c-Myc, β-catenin and Sox-2 were significantly decreased in response to knockdown of MALAT-1 (6, 25) . Taken together, lncRNAs may perform critical roles in regulating the maintenance of CSC-like capacity.
RT-qPCR was performed in order to identify the expression profile of lncRNA-ROR, H19 and MALAT-1 in the breast cancer MCF7 cell line, and its CSC subpopulation identified as CD133-positive. It was revealed that MALAT-1, but not of lncRNA-ROR or H19 was significantly upregulated in CSCs compared with MCF7 cells. Following MALAT-1-knockdown, the subpopulation of CD133-positive significantly decreased. These results indicated that MALAT-1 expression level may positively regulate the expression of CD133 or the portion of CSC subpopulation in MCF7 cells in an uncertain mechanism. Next, the present study provided evidence that MALAT-1 expression is able to promote the self-renewal capacity of cells in vitro. Accumulating evidence has demonstrated that CSCs interact with metastasis and recurrence (7, 25) . It is reported that CD44 expression in breast and pancreatic tumors present enhanced metastatic capacities (8, 9, 26, 27) . Thus, the effects of MALAT-1 on the migration and invasion of CSCs were demonstrated by Transwell assay. The results demonstrated that MALAT-1 positively regulates the migration and invasion of CSCs.
The expression level of MALAT-1 appears to be critical in regulating the physiological processes of CSCs, and also of a major population of tumor cells. Compared with adjacent tissues, in lung (10, 28) , liver (11, 29) and prostate (12, 30) cancer, MALAT-1 has been revealed to be upregulated, and exhibit a tumor-promoting function. The data in the current study demonstrated that, in the CSC subpopulation, MALAT-1 expression was significantly higher compared with that in the MCF7 cells. However, further studies are required to elucidate whether the expression level of MALAT-1 is the key factor for inducing tumorigenesis via the promotion of CSC formation. Taken together, the results of the present study demonstrated the potential function of long non-coding RNA MALAT-1 in maintaining the stem phenotype of CSC from breast cancer, which indicates it as a potential therapeutic target for treating breast cancer by targeting to CSCs.
